Food safety standards are a necessity to protect consumers' health in today's growing global food trade. A number of studies have suggested safety standards can interrupt trade, bringing financial and technical burdens on small as well as large agri-food producers in developing countries. Other examples have shown that economical extension, key intermediaries, and funded initiatives have substantially enhanced the capacities of growers in some countries of the Middle East and North Africa (MENA) region to meet the food safety and quality requirements, and improve their access to international markets. These endeavors often compensate for the weak regulatory framework, but do not offer a sustainable solution. There is a big gap in the food safety level and control systems between countries in the MENA region and those in the developed nations. This certainly has implications for the safety of fresh produce and agricultural practices, which hinders any progress in their international food trade. To overcome the barriers of legal and private standards, food safety should be a national priority for sustainable agricultural development in the MENA countries. Local governments have a primary role in adopting the vision for developing and facilitating the implementation of their national Good Agricultural Practices (GAP) standards that are consistent with the international requirements and adapted to local policies and environment. Together, the public and private sector's support are instrumental to deliver the skills and infrastructure needed for leveraging the safety and quality level of the agri-food chain.
Introduction
Despite decades of research, the enactment of food laws, stricter regulations, and enforcement in both developed and developing countries, foodborne illnesses still persist as a global public health issue [1] . Although many foodborne disease outbreaks are of unknown origin, increasing numbers are traced to both well-established and newly emerged pathogens [2] . The current report of the WHO (World Health Organization) estimates of the global burden of foodborne diseases recognized 31 hazards (bacteria, viruses, parasites, toxins, and chemicals) that have caused 22 diseases [1] . The most frequent causes of foodborne illness were diarrheal disease agents, particularly pathogenic Escherichia coli (E. coli), norovirus, Campylobacter, and non-typhoidal Salmonella. These were responsible for 70% of the burden of foodborne disease. African and Southeast Asian regions have the highest foodborne disease incidence and the highest death rates, followed by the Eastern Mediterranean Region [1] . and disparities in the food safety governance between developed and developing countries, burdens of compliance, and discerning aspects of integrated agri-food chains were examined. Given that the EU and US are major importers of food and agri-food products from developing countries [29] , this review is centered around the EU regulations and FSMA rule requirements.
Therefore, this paper provides a synthesized overview of current evidence on the prevalent role of food safety standards as a catalyst or a hurdle to food trade, in order to create an understanding on intervening factors and their influence on the agri-food export activities in the MENA countries.
Sources of Data
Searches of literature were done using web-based search engines (i.e., Google and Google Scholar, as well as research databases, such as PubMed, Science Direct, and Web of Science). Keywords and search phrases were used to identify materials that describe the research topic. The topics of interest for review were categorized as: -Fresh produce-associated food outbreaks, fresh produce contamination -The evolution of the food safety standards, in terms of applications and development -
The different types of food safety standards -
The international regulatory framework for food safety -Fresh produce safety, requirements, and guidelines (with search focus on the EU and US) -Challenges in food safety control systems in the MENA countries -Data on rejected goods from the MENA countries and import ban -Impact of food safety standards on fresh produce trade -Integrated agri-food chains, in the context of standards implementation and food export programs
The search was limited to original peer-reviewed scientific papers, scholarly books, statistical information, and grey literature (i.e., reports of regional and national workshops or meetings, as well as governmental and non-governmental reports, such as from the Food and Agriculture Organization of the United Nations (FAO), WHO, EFSA, or the World Bank). Studies and reports related to economic analysis of food value chains were excluded. To overcome the scant literature on the MENA countries, media coverage and local journals were included as a source of data. Repetitive coverage of issues was excluded. Additionally, the search was expanded to include studies on agri-food safety and compliance models in developing countries outside the MENA region.
Food Safety Concerns and Standards Are Growing Globally
Today, many consumers have a wide array of food products that are sourced from various parts of the world, e.g., China, the Middle East, Asia, India, and others. An increase of around 400 percent in the international trade in food has been recorded from 1989 to 2000, and the fastest growth in trade was observed among the high-value perishable products, including fresh fruits and vegetables [30] . However, the growth in volume and complexity continues to date, with a recorded growth of 38% of the world production of fresh produce in the last decade [31] . The US reliance on imported food increased from 9% in 2000 to 16% of all food consumed in 2011. The imports account for nearly two-thirds of the fruits and vegetables and 80% of seafood eaten domestically in the US, and this is expected to increase by 10% annually with regards to Chinese imported foods [32] .
The global trade of fresh produce is primarily driven by increased demands of a growing population, improved agricultural production technology, and changes in consumers' dietary habits. This fact, combined with the involvement of many chain actors from different geographic regions in the interaction of global and local value chains, can introduce multiple new opportunities for food to become contaminated with harmful bacteria, viruses, parasites, or chemicals, especially when food is sourced from less developed countries or countries with lower food safety standards [33] . As an example, the US Department of Agriculture Economic Research Service notes that of food-related refusal reports, the three food industry groups with the most violations were vegetables (20.6% of total violations), fishery and seafood (20.1%), and fruits (11.7%). The reported violations included sanitary issues and pesticides, aside from technical issues related to unregistered processes in all three industry groups [34] .
Fresh Produce-Related Foodborne Illnesses and Health Risks
The routes of contamination of fresh produce in the agricultural environment and down the food chain are numerous [35] . In general, pathogenic microorganisms can be transmitted to crops through contaminated seeds, raw or improperly composted manure, sewage-contaminated water used for irrigation, animals accessing crops or contaminated wash water, and via wild and domestic animals grazing on fields or water streams used in agriculture. The post-harvest treatment of fruits and vegetables, including handling, storage, transportation, and cleaning, may also lead to cross-contamination of the produce from other agricultural materials, or from the workers and food handlers [36] [37] [38] [39] . As local risks can rapidly penetrate into international markets, the human exposure to a wide array of contaminants has increased, making transparency and traceability in the supply chains necessary, but also more complicated [9] . A wide spectrum of human pathogens have been associated with fresh vegetables, as indicated by many foodborne disease outbreaks; these include E. coli O104:H4, L. monocytogenes, Salmonella, viruses (hepatitis A virus, norovirus) and parasites (Cryptosporidium parvum, Cyclospora cayetanensis) [40, 41] . Salmonella enterica and E. coli are the two major bacterial pathogens encountered in large outbreaks of foodborne illness associated with fresh produce, and have been traced to a wide variety of produce, including lettuce, salads, melons, sprouts, tomatoes, and many fruit-and vegetable-containing dishes (Table 1) , with a low infectious dose of fewer than 40 viable cells for E. coli O157 [42] . Between 1990 and 2005, norovirus and Salmonella also emerged as common agents of produce-related outbreaks, followed by E. coli, at 40%, 18%, and 8%, respectively [43] .
The rise in reported cases associated with produce has been attributed to increased awareness of the nutritional importance of the consumption of fresh vegetables, as a result of promotional campaigns for its health benefits [44] . But there has also been increased global trade of produce, improvements in outbreak investigations, more efficient detection methods in surveillance systems, and more awareness of investigators to consider raw vegetables as potential vectors of disease. For instance, the combination of DNA fingerprinting with well-developed epidemiological surveillance systems allows for more rapid detection of outbreak cases in widely-dispersed geographic regions. Although this is best illustrated in the developed world, developing countries are increasingly being encouraged to use better pathogen detection methodologies, along with improvements in agronomic practices [19, 45] . Several recent incidences of outbreaks shed light on the growing trend in international trade of fresh produce and its contribution to outbreak occurrences [46] [47] [48] [49] , particularly from countries with lower food safety standards [2] . For instance, many cases of E. coli and Salmonella in the US have been associated with the consumption of imported as well as domestic foods, including fruit and vegetables [50] . The important principle of standards is the "preventive control" approach, which identifies the source of food safety hazards and develops mitigation strategies to eliminate or reduce the risks to acceptable levels before consumption, instead of relying on "end product" inspections. Standards can be voluntary or mandatory, private or public, and include product or process-related standards [57] . These standards can be specific to provide maximum acceptable levels related to pathogens or toxins such as contamination of aflatoxin or pesticides [58] , but they can also be broader to include hygienic, sanitary, and phytosanitary measures issues. Apart from the creation of new agencies, national governments have responded to consumers' concerns by imposing new legislation and regulations on the ground, to ensure safe and animal-friendly production, restricted pollution, and to economize the use of resources, e.g., the General Food Law (EU 2002/178) in Europe and the EU-BSE regulations.
The priorities of national governments for the food supply are the preservation of their domestic markets and their consumers' health, which in the developed world are both protected through advanced manufacturing and retailing systems, combined with government oversight [33] . The regulations may differ in rigor between countries, based on their health and trade policies, but generally it is accepted that the food industry, throughout the food chain, takes the primary responsibility for ensuring food safety and adhering to international standards. Accordingly, the fresh produce industry has witnessed a transition from food safety and quality control approaches, to the production of fresh produce with a food safety assurance and prevention approach to limit contamination [59] . These approaches require a system that is science-based and uses risk analysis to focus preventive efforts and risk management on the areas or processes that are most likely to cause foodborne illnesses [60] .
Following the 2011 verocytotoxigenic E. coli (VTEC) O104 seed sprout outbreak in Germany [35] , and a number of concurrent outbreaks of foods from non-animal origins in the EU, the assessment and ranking of public health risks posed by microbiologically-compromised fresh produce became paramount and essential for effective management [61] . As such, the EFSA, mandated by EC regulation 178/2002 to inform and assess the risks along the food chain, was asked to provide scientific opinions on the public health risk posed by pathogens on food of non-animal origin (FNAO). A total of six opinions have been issued on FNAO as of 2011, referring to the following food/pathogen combinations with a similar production system and identified as the most important risks within FNAO [24, [62] [63] [64] ]:
1.
The risk from VTEC in seeds and sprouted seeds (urgent request after VTEC crisis) 2.
The risk from Salmonella and norovirus in leafy greens eaten raw as salads 3.
The risk from Salmonella and norovirus in berries 4.
The risk from Salmonella and norovirus in tomatoes 5.
The risk from Salmonella in melons 6.
The risk from Salmonella, Yersinia, Shigella, and norovirus in bulb and stem vegetables, as well as carrots
The agency also identified major risk factors at primary production during harvest and on-farm post-harvest, which are namely field history and adjacent land use, animal control (domestic and wild), water, manure, soil amendments, field management (including field sanitation and sanitary facilities), production activities, harvest activities, worker health, hygiene, sanitary facilities, and storage and distribution [24, 65] .
The EFSA recommendations verified the usefulness of the current provisions of the hygiene rules for foods of non-animal origin in the Regulation (EC) No. 852/2004. Under the hygiene rules for foodstuffs, the EU food business operators and importers are required to ensure food hygiene at all stages in the food chain, as part of the "farm-to-fork" approach. They are legally responsible to comply with the regulation requirements, by ensuring that all imported foods and primary products they produce are safe and protected against contamination arising from air, soil, water, fertilizer, feed, chemicals, worker hygiene, storage, handling, and disposal of wastes (Box 1). Eventually, EFSA members proposed that, while each farm environment is different, the primary objectives for producers should include Good Agricultural Practices (GAP), good hygiene practices (GHPs), and good manufacturing practices (GMPs) [65] . Recently, EFSA identified the generic E. coli as suitable for a hygiene criterion that could be considered for validation and verification of GAP and good hygiene practices (GHPs); this allows growers to take appropriate corrective actions [24] . The current European legal framework does not include microbiological criteria applicable at the primary production stage [66] .
The guidance document on addressing microbiological risks in fresh fruits and vegetables at primary production through good hygiene offers a detailed description on how to apply the general hygiene requirements and GAP [67] . The general hygiene provisions for primary production and associated operations:
• In the US, the FDA (Food and Drug Administration) has been mandated through the FSMA to establish science-based minimal standards for the safe production and harvesting of produce, including minimally-processed fruits and vegetables. The law entails that the FDA develop safe agronomic practices that must be adopted by those who export to the US to improve public health [50] .
The FSMA rule also has set of standards that address the same critical areas in the primary production chain, as follows:
• Worker health, hygiene, and training • Agricultural water, both for production and post-harvest uses • Biological soil amendments (e.g., compost, manure) • Domesticated and wild animals • Equipment, tools, buildings, and sanitation • Production of sprouts An example of one of these key requirements (agricultural water) illustrates the rigor of the rule that exporters in the developing countries need to be compliant with. The rule establishes different water quality criteria for water used during crop growing, and during harvest and post-harvest. The criteria are based on the indicator of fecal contamination, i.e., generic E. coli, which is adopted as a hygiene criterion by the EFSA [24] . While the rule does not permit detectable generic E. coli in the 100 mL water used during or after harvest, it allows a limited amount of E. coli in the water used during growing activities. For this, a microbial water quality profile (MWQP) should be developed, based on the results of at least four samples for groundwater sources of agricultural water (e.g., a protected well), and at least 20 samples for surface water sources of agricultural water (e.g., pond, stream, river). The numeric criteria for agricultural water that is intended or likely to contact covered produce (other than sprouts) during growing activities is an MWQP that has the geometric mean (GM) (the average amount of generic E. coli in a water source) of ≤126 colony forming units (CFU) of generic E. coli per 100 mL, and the statistical threshold value (STV) (E. coli levels in adverse conditions, i.e., rainfall) of ≤410 CFU/100 mL generic E. coli [69] . If the water exceeds the GM/STV criteria for water that directly come into contact with the edible plants, the FDA rule allows for corrective action as soon as is practical, but not to exceed the following year [69] .
Because soil amendments of animal origin, such as manure, have been identified as a potential vector for pathogens that may contaminate produce, the FDA rule specifies the interval between application of a biological soil amendment of animal origin and harvest of covered produce. The interval depends on whether that soil amendment has been treated, and on the processes used for the treatment. Standards on detectable amounts of bacteria (including L. monocytogenes, Salmonella species, fecal coliforms, and E. coli O157:H7) have been established to validate these processes. Regarding the application of untreated manure, the rules require a 120-day interval between the application of raw manure for crops in contact with the soil, and 90 days for crops not in contact with the soil [69] .
Implementation of measures to prevent the introduction of hazards onto covered produce from domesticated and wild animals are obligatory; the same is true for hygienic practices when handling (contacting) covered produce or food-contact surfaces. The equipment and tools that are intended or likely to come in contact with the produce, as well as the building in which growing, harvesting, packing, or holding activities take place, should conform to sanitary standards. With regards to sprouts, the hygienic and sanitary conditions are required during their growing, harvesting, packing, and holding environment, by placing emphasis on testing for Listeria species or L. monocytogenes through those stages, and testing spent irrigation water from each production batch of sprouts, or the sprouts themselves in the case of E. coli O157:H7 and Salmonella species.
Both U.S. and EU regulations reflect specific country/regional requirements, but inconsistencies in regulations between countries can negatively impact global trade. To address this concern, international cooperation led to the FAO/WHO Codex Alimentarius standards, and later the World Trade Organization (WTO) with its more specific Sanitary and Phytosanitary (SPS) agreements [17] . The Codex Alimentarius Commission (CAC) was established by the FAO and WHO in 1963. Member countries agree on acceptable standards in a global context. Although it is time-consuming to reach a consensus by all member states, Codex standards have become the benchmarks against which national food measures and regulations are evaluated within the legal parameters of the Uruguay Round Agreements in 1994. The CAC has a great relevance to international trade, as it develops harmonized international food standards, guidelines, and codes of practice, e.g., in relation to specific raw and processed materials, food hygiene, pesticides residues, contaminants and labelling, analysis, and sampling methods, to protect the health of the consumers and ensure balanced trade relationships in food; it also promotes the coordination of all food standards work undertaken by international governmental and non-governmental organizations. For instance, the CAC developed a risk-based Code of Practice for Fresh Fruits and Vegetables that addresses GAP and GMPs as a guide to stakeholders to minimize the microbial, chemical, and physical hazards associated with all stages of the production of fresh fruits and vegetables along the food continuum [70] . Many countries adopt these standards because they were generated by international inputs. However, some countries may have similar but not identical standards to Codex. Yet, for trading purposes, they must operate within an international framework of rules and agreements based on scientific principles [20] .
The final act of the Uruguay Round of Multilateral Trade Negotiations, signed in Marrakech on 15 April 1994, established the WTO Agreement on the Application of Sanitary and Phytosanitary Measures (SPS Agreement). The purpose of this agreement is to ensure the safety of imported food items, which constitutes a major concern for many developed countries. It serves the legitimate purpose of limiting the entry, establishment, and spread of diseases and pests through trade. The SPS measures includes health and hygiene standards or regulations, designed to avoid the spread of animal and plant diseases and epidemics. These measures should be applied to domestically-produced food or local animal and plant diseases, as well as to products coming from other countries. Examples of common sanitary and phytosanitary measures adopted by many countries include importing products from disease-free areas, determining allowable maximum levels of pesticide residues, or the permitted use of only certain additives in food. The agreement emphasizes each country's freedom and ability to make independent decisions to establish their appropriate level of protection (ALOP) and national standards within the technical regulatory framework, in order to protect human, animal, and plant health, as well as to ensure environmental, wildlife, and human safety. However, the rejection of products according to relevant standards must be based on justification by non-discriminatory scientific input, to ensure that the legal standards and measures adopted by the importing countries are not misused as non-tariff trade barriers, to give unfair advantage to domestically-produced goods.
To avoid recalls and bad publicity, the private food industry has placed more emphasis on quality and safety control, the traceability of food products, and environmental issues, by imposing their own specific standards in the value chain [26] (Figure 1 ). These are not mandated by law, but are market-driven for effective trade throughout the food chain. Although promoted as voluntary, the applications have expanded so significantly in the international markets that many are considered as de facto mandatory, such as the GLOBALG.A.P (GAP is an acronym for Good Agricultural Practices) [71] . The stringency and scope of private standards exceed national regulations, since the regulatory environment placed the liability for food safety crisis on the industry and retailers (e.g., the "due diligence" requirements in the UK and the EU) [71] . Therefore, in today's global market, the world's largest food retailers are requiring supplier certification in order to participate in the Global Food Safety Initiative (GFSI), which includes the Safe Quality Food Standard (SQF), British Retail Consortium (BRC), International Featured Standards (IFS), Food Safety System Certification (FSSC), GLOBALG.A.P (GAP is an acronym for Good Agricultural Practices), Best Aquaculture Practices (BAP), and Global Red Meat Standard (GRMS). Retailers can also impose related standards, such as are Tesco's "Nature's Choice", which puts a number of environmental demands on top of GLOBALG.A.P requirements, eco-labels (i.e., the Dutch EKO-label (EKO is the Dutch word for "eco". The word "eco" is a prefix mostly relating to ecological or environmental terms)) and fair-trade labels [20] . purpose of limiting the entry, establishment, and spread of diseases and pests through trade. The SPS measures includes health and hygiene standards or regulations, designed to avoid the spread of animal and plant diseases and epidemics. These measures should be applied to domesticallyproduced food or local animal and plant diseases, as well as to products coming from other countries. Examples of common sanitary and phytosanitary measures adopted by many countries include importing products from disease-free areas, determining allowable maximum levels of pesticide residues, or the permitted use of only certain additives in food. The agreement emphasizes each country's freedom and ability to make independent decisions to establish their appropriate level of protection (ALOP) and national standards within the technical regulatory framework, in order to protect human, animal, and plant health, as well as to ensure environmental, wildlife, and human safety. However, the rejection of products according to relevant standards must be based on justification by non-discriminatory scientific input, to ensure that the legal standards and measures adopted by the importing countries are not misused as non-tariff trade barriers, to give unfair advantage to domestically-produced goods.
To avoid recalls and bad publicity, the private food industry has placed more emphasis on quality and safety control, the traceability of food products, and environmental issues, by imposing their own specific standards in the value chain [26] (Figure 1 ). These are not mandated by law, but are market-driven for effective trade throughout the food chain. Although promoted as voluntary, the applications have expanded so significantly in the international markets that many are considered as de facto mandatory, such as the GLOBALG.A.P (GAP is an acronym for Good Agricultural Practices) [71] . The stringency and scope of private standards exceed national regulations, since the regulatory environment placed the liability for food safety crisis on the industry and retailers (e.g., the "due diligence" requirements in the UK and the EU) [71] . Therefore, in today's global market, the world's largest food retailers are requiring supplier certification in order to participate in the Global Food Safety Initiative (GFSI), which includes the Safe Quality Food Standard (SQF), British Retail Consortium (BRC), International Featured Standards (IFS), Food Safety System Certification (FSSC), GLOBALG.A.P (GAP is an acronym for Good Agricultural Practices), Best Aquaculture Practices (BAP), and Global Red Meat Standard (GRMS). Retailers can also impose related standards, such as are Tesco's ''Nature's Choice'', which puts a number of environmental demands on top of GLOBALG.A.P requirements, eco-labels (i.e., the Dutch EKO-label 1 ) and fair-trade labels [20] . 1 EKO is the Dutch word for "eco". The word "eco" is a prefix mostly relating to ecological or environmental terms This is similar to the way that many Asian countries recently developed their own national good agricultural practices, such as PhilGAP (Philippines), Q Mark (Thailand), ChinaGAP (China), MyGAP (Malaysia), JGAP (Japan), VietGAP (Vietnam), etc. All those national standards were adapted based on the GLOBALG.A.P requirements. Furthermore, in 2006 and through the secretariat of the Association of Southeast Asian Nations (ASEAN), the ASEAN GAP was launched, as a quality assurance system for ASEAN-region fruits and vegetables. The ASEAN GAP is a standard GAP during the production, harvesting, and post-harvest handling of fresh fruit and vegetables in the ASEAN region. Its objectives are to facilitate the harmonization of national GAP programs in the ASEAN region, facilitate trade regionally and internationally, enhance the safety and quality of fruits and vegetables for consumers, and enhance environmental sustainability [72] .
The Current Status of Food Safety in Developing Countries and the Burden of Compliance Costs
The current requirements in the developed world are well-communicated to stakeholders and promoted with abundant resources to ensure high compliance levels. This is not the case in developing countries, in general. All of these new regulations and private bodies' standards in high-income countries have a great impact on the trade of potential suppliers from developing countries, as they operate within very different political, institutional, and economic parameters [57] . The MENA countries bordering Europe are in a prime location to export produce to the EU. However, unfortunately, most food control systems in the MENA region are unable to meet the mandated international requirements, due to lack of the required advanced technical and scientific knowledge, political will, and to an unacceptable level of food safety by small-scale farmers and the domestic market [73] . This remains largely unaddressed, despite major reforms being introduced to their national food safety systems, with varying degrees of accomplishments. Many MENA countries have undertaken extensive reviews of their food safety systems in collaboration with WHO, and some have carried out extensive reforms to their national legislation [74] . Over the last decade and more, Egypt, Jordan, Morocco, and Tunisia have reviewed their food safety standards, which were adapted to be in line with the CAC [75] [76] [77] , and recently, the Egyptian Parliament approved the creation of the Egyptian Food Safety Authority [78] . The Sudan and the Syrian Arab Republic have also undergone updates to their food standards and regulations. Development programs were introduced to support the application of GAP in Sudan, especially those involving the safe application of insecticides and fertilizers [79] .
However, despite the positive policy and regulatory reforms, many developing countries, including those in the MENA region, lack credible institutional mechanisms, meaning the enforcement institutions and water governance are weak, and advocacy is fragmented [80] [81] [82] [83] [84] [85] . Thus, the agriculture sector is fraught with poor policies for the effective planning of resources, a lack of incentives and training, insufficient knowledge of standards for food safety and quality, and the development of agricultural economies away from efficient resource management [86] .
This as a whole has an effect on the performance of the agriculture sector and compliance level of stakeholders. Twenty-seven percent of food exports from Egypt, Jordan, Lebanon, and Syria to the US were rejected in 2001 by the USFDA, due to non-compliance with the US safety measures (such as filth, microbiological contamination, greater-than-permitted levels of pesticide residues, or food additives) [75] . Lately, in 2016, the United Arab of Emirates imposed a ban on fruits and vegetables, including apples, imported from different MENA countries (Egypt, Oman, Yemen, Jordan, and Lebanon) due to high levels of pesticide residues that exceeded the permitted levels according to their own standards [87] . The period of 2002-2011 showed a continuous increment in the RASFF notifications by the EU for products found to be unsuitable for consumption coming from Algeria, Egypt, Jordan, Lebanon, Morocco, Syria, Tunisia, and Turkey. Fruits and vegetables in particular were among the most sensitive exported products, based on the large number of notifications registered [29] . The authors suggested that the rise in alerts indicate increased controls related to regulations and standards. They also presumed that the increment in alerts would continue, if the successive years were to be plotted.
The European Parliament's Committee on Agriculture and Rural Development documented cases where selected countries, with whom the EU has agreements concerning trade in food products or is in the process of negotiating such an agreement, did not meet the EU standards (Table 2) . These selected countries have many food safety standards, yet they may be out-of-date, or the enforcement is perceived to be inadequate, e.g., the type of pesticides and veterinary drugs allowed, or the associated maximum residue levels are not in line with the EU requirements [88] . In Morocco, for example, compliance with the EU allowable maximum residue limits (MRLs) for pesticides and the associated pre-harvest interval requirements [58] constitute a challenge for exporters. According to the evaluation report of the European Commission, "the authorized uses of plant protection products lead to residues in excess of EU MRLs, and growers are not sufficiently aware of good plant protection practice in this culture" [89] . Table 2 . Food safety standards of selected countries, in comparison with the EU as one entity.
Country
Country 
USA
The use of growth promoters in beef cattle 3 The use of lactic maximum limits and maximum residue limits for mycotoxins and food safety hazards are higher than those in the EU Approved genetically modified plants not (yet) approved in the EU The use of lactic acid as a decontamination step for beef 2 Adapted from Van Wagenberg [88] . 1 The availability and use of veterinary medicines is much less restricted than in the EU. 2 The EU recently approved the use of lactic acid to clean animal carcasses [90] . 3 It is very likely that similar shortcomings prevail in MENA countries, given the lack of education, training, and access to GAP in the region, which compromise the safety of fruits and vegetables [85] . The lack of effective water resource management and support of the agricultural sector pose additional threats to water-stressed regions, as farmers revert to insufficiently treated wastewater or sewage-contaminated surface waters for crop irrigation and washing [91, 92] .
Studies reporting on food safety issues in developing countries are very few, but what exists indicates there is widespread contaminated soil; poor agricultural growing methods with the misuse of pesticides, hormones, and fertilizers; and inappropriate post-harvest practices along the food chain, such as the use of untreated wastewater for irrigation and the processing of vegetables [37, 73, [93] [94] [95] . The unregulated use of feces-contaminated water for irrigation and the application of untreated manure on fields are classified as primary risk factors; these are largely practiced in Egypt and Lebanon, leading to contamination of the agricultural environment and fresh produce [37, 73] . In Egypt, there was a high prevalence of Salmonella in strawberries (28%) and lettuce (39%), as well as in soil (42%) and water used for irrigation or washing (42%) [73] .
Lebanon can be considered as a typical example of many MENA countries struggling to meet international standards. As such, GAP and the integrated pest management are supposed to be promoted through extension services, but there are insufficient staff and resources to carry out the tasks. Public spending for agriculture is highly fragmented in Lebanon, and is scant for food quality and safety programs, under a national budget that has not been updated to cover these areas since 2005 [80, 96] . This unfavourable economic condition affects the quality and safety of Lebanese products, which did not progress sufficiently in view of limitations in the enforcement of regulations (e.g., pesticide levels on imported and exported products, or the sanitary condition of transportation vehicles), is the capacity building for technical staff on inspection, Hazard Analysis and Critical Control Points (HACCP), and the infrastructure [97] . L. monocytogenes was detected in 20% of the vegetables samples from the fields in Lebanon and after washing in the post-harvest areas; about half of the ready-to-eat vegetables in the fields (51%) contained S. aureus at high levels, reaching up to 5 log CFU/g [37] . It is worth noting that the vegetables irrigated with untreated wastewater and polluted river water in Yemen were also found to have S. aureus ≥ 5 log CFU/g [98] . Faour-Klingbeil et al. [37] identified critical shortfalls in several areas that constitute major risk factors and contributed to the high levels of pathogens on fresh vegetables. These shortfalls were identified through an assessment of the water usage and sewage treatment, proximity of farm from landfills, sewage treatment, animals/wildlife livestock (access to growing lands), risk assessment during flooding, manure management and storage, manure and municipal biosolids, soils, traceability, field harvesting, storage and transportation, worker health and hygiene, and training.
Of the findings, the surface water from river streams, mixed with untreated sewage water from nearby villages, was used on fields with no prior treatment. This applies to post-harvest wash water as well. The environmental risk factors were evident, resulting from existing growing lands in proximity to haphazard industry and animal husbandries' disposals. Growing fields were accessible to animals grazing on the remaining and discarded parts of crops after harvest, to prepare the soils and use animals manure as fertilizers for growing the next crop of parsley. The storage of manure lagoons adjacent to production areas were without provisions to prevent leakage or runoff. The manure's treatment to eliminate another source of bacterial hazards was dependent on producers' experience rather than on technical guidelines or experts' assistance. This is often the case in many non-EU countries, where these operators rely on their own experience, while those in the EU follow standards and guidelines, and have ready access to resources [83] .
Clearly, agricultural practices such as those illustrated here pose great risks to health and the environment. They also hinder any rapid progress for trade, in accordance with international standards and WTO [99, 100] , and lead to the EU banning some national exports [6] . In this regard, in the joint meeting of the United Nations Economic and Social Commission for Western Asia (UNESCWA) and FAO, on setting up a regional Arab Good Agricultural Practices Framework (Arab-GAP), member countries have expressed great concerns over the lack of technical skills and limited support to adopt the international standards. The outcomes revealed the utmost need for the establishment of national GAP standards, to improve the safety of their local production and strengthen the trade with high-value agricultural markets [100] .
Along with a legal framework, availability of resources is key for the effective participation in trade and compliance to the SPS agreement, as well as to private standards. However, these are commonly deficient in many developing countries [101] . Abiding by legal SPS measures and GLOBALG.A.P impacts the industry, in terms of cost for new inspections, testing facilities and laboratories, certification of inputs and outputs, losses, and delays in shipping products to their final destinations [102] . This increase in cost can hinder exports to the EU region and impact the agricultural sector of importing countries [103] . There is a body of literature on the contribution of non-tariff barriers, such as labels and SPS measures, to the increasing costs of imports or to prohibiting them completely [104] , and about how they limit the welfare-enhancing benefits of freer trade [105] [106] [107] .
The 2005 economic analysis project in Jordan, Syria, and Egypt is a case in point. Exporters and producers in these countries identified key technical impediments and trade constraints related to SPS, with high costs being the main hurdle to meet SPS requirements [102] (Box 2). 
Food Safety Standards as a Catalyst to Food Trade
Many researchers do not contend the absolute negative effects of standards, particularly on small holders. They suggest that the standards' net effect can be advantageous for trade, given the improvements to consumer welfare [108] and the improved well-being of participating farmers [109] . The benefits from the implementation of private standards in the fruits and vegetables chain value on trade between the EU and Tunisia, Morocco, Egypt, and Turkey are tangible [86] , but only over a long-term basis [58] .
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Box 2. Hurdles to meet Sanitary and Phytosanitary (SPS) requirements
Source: Muaz [102] .
Food Safety Standards as a Catalyst to Food Trade
Trienekens and Zuurbier [20] also identified an accelerated growth in the value of exports during the same period when regulatory requirements have been becoming more stringent and complex ( Figure 2 ). The trade activities of small farmers increased, but not to the level observed with the large exporters. The authors noted that although the compliance costs may be significant, they were still small relative to the value of exports or the domestic spillover effects.
Serious lack of knowledge about SPS requirements and regulations -Absence of quality control laboratories in the region to monitor hazards, mainly chemical residues -High cost of infrastructure needed to meet SPS conditions -Absence of modern packing and grading facilities -Lack of inspections to control domestic production and qualified laborers -Non-existence of local legal bodies responsible for the implementation and monitoring of SPS and other agreements regulations Figure 2 . The increasing market access of firms as affected by compliance to standards and firm size. Source: Trienekens and Zuurbier [20] . DC: Developing countries; EU: European Union; SME: small and medium enterprises.
There are many examples where small operators can successfully compete for the export market with vertical coordination, contract farming, and the support of food chain actors, in order to adhere to marketing standards, SPS measures, hygiene standards, and traceability standards [110, 111] . In Jordan, the GLOBALG.A.P system is increasingly adopted by farmers who are members of the Jordanian Exporters and Producers Association for Fruits and Vegetables. With funds from the United States Agency for International Development (USAID), the Association is actively engaged in conveying the GLOBALG.A.P requirements to more than 120 members, who represent the major fruit and vegetable exporters in the country. The Association played an outstanding role in boosting the export values of the system by improving the quality and safety of the Jordanian value chain. It enables farmers (members) to meet the regional and the international markets' requirements [100] ; however, such efforts have not been yet adopted for local market production, despite the hazards associated with the use of inadequately treated wastewater. Similarly, in Morocco, farmers with affiliation to cooperatives were able to comply with SPS standards [111] . The members and owners of the packing houses are leaders of the certification movement that is gaining momentum in various horticultural areas in Morocco. As citrus and tomato exporters, they are among those who are implementing a variety of measures, such as labelling, sampling procedures, risk assessment and other food safety measures necessary for certification [112] .
In Lebanon, several USAID-funded projects have imposed sets of conditions and requirements for producers to adhere to, but have also proved to enhance the safety of products and their export values, such as Sustainable Agri-Industry in Lebanon (ASAIL) and Agricultural Quality Control and Certification (QCC) programs [113] . These cooperative developments, where they exist, are of great benefit to the companies that participate, primarily for the farmers' welfare and for the safety and quality of agri-food for local and export markets. Nevertheless, the viability of these initiatives is questionable. Based on examples from countries such as Lebanon, and to a certain extent Jordan, external financing does not provide a long-term solution, particularly under poor institutional framework, national laws, and standards [103] . In addition, these programs do not impact independent farmers and producers with limited means of investments, and do not have as good opportunities for openings to market channels.
For the long term, government engagement is key to the sustainability of programs that encourage better standards for produce and other foods. This should lead to policy development and implementation, economic resources, and incentives, as well as promoting, facilitating, and setting national GAP standards that are consistent with global requirements. The ASEAN GAP can serve a model for the governments interested in promoting good farming practices and improved postharvest handling, with the aim of enhancing the quality of fresh fruits and vegetables, as well as their exports. It is the governments' commitment and national priority to promote safe and healthy foods, which brought the ASEAN GAP to world recognition [103] . This cooperation between government and industry is illustrated through African examples.
Case studies in the fisheries sector in Uganda, Kenya, South Africa, and Namibia emphasized the substantial role of an effective and proactive local authority in partnership with the private sector [114, 115] . These cases illustrated the influence of standards on the trade performance, through what Henson and Mitullah [115] termed as a "reactive compliance" to the EU food safety and traceability regulations, which denotes efforts to "comply with the standards" or a "reactive exit", implying an exit from the market. Uganda had initially endured the negative effects of the EU import bans in 1997-2000, which resulted in the closure of many plants and a 20% reduction of work capacity in the remaining plants [114] . By restructuring the entire regulatory and inspection system, upgrading the landing sites for managing the export activities, and the establishment of a "Competent Authority" in charge of fish safety issues and an internationally accredited private laboratory, Uganda recovered from the bans, and all of the companies and their 15 plants are now HACCP compliant. In 2003, their exports increased by 30%. Similarly, Tanzania's reaction to the ban was proactive, and it became the first country to comply with EU standards, thanks to improvements in governmental monitoring and enforcing regulations [116] . By 2000, the country was able to overcome the ban and recapture its role in the market, and in 2003, Tanzania was able to increase its export share to 60% [58] .
Conclusions
As many developing and developed countries have discovered, food safety standards and SPS measures can both limit and enhance trade, and the negative and positive impact of standards on their food trade is not easily determined. Nevertheless, a number of case studies and reports have illustrated successful models for the increasing trade values of small farmers who demonstrated compliance to the international requirements necessary for export. To date, compliance has been achieved through the cooperation of downstream actors to these farmers and international aid organizations. This cooperation has, for the most part, not progressed to the next step of a long-term commitment by governments, to enable these suppliers to be independently responsible players in an export food chain. The experiences in six developing countries (Bangladesh, Cambodia, China, the Philippines, Thailand, and Vietnam) established that improvements in the quality requirements in fruit and vegetable production were driven by "reactive compliance" after facing competitiveness problems to access export markets [117] . In those cases, the proactive policies were few; despite a major effort to meet the EU's Plant Protection Directive (91/414/EEC), and amendments to Japan's Food Sanitation Law, government ministries of those developing countries had few interactions with the private sector, and a limited role in the dissemination and analysis of the implications of food safety standards on exports. To overcome market constraints, the EU's directive required donors and intergovernmental organizations are supposed to play a leading role assisting them [117] .
These six case studies reinforce the need for national governments to foster inter-ministerial coordination and cooperation with the private sector, non-governmental organizations (NGOs), and research institutes, in order to develop strategies for long-term solutions to increase market access. This is crucial, as developed countries are increasingly working on controlling the microbial and chemical risks to reduce contamination and potential foodborne illnesses associated with produce. Governments of importing countries expect a safe food supply, and companies are urged to invest in implementing food safety initiatives. An example is the establishment of the Produce Safety Network (PSN) in the US; this was built to support the efforts of farmers, state regulators, and other key stakeholders, to implement the 2018 Produce Safety Rule as a part of the USFDA Food Safety Modernization Act (FSMA).
The PSN aims to establish regionally-based policy and regulatory experts throughout the country, to provide technical assistance, conduct outreach and training, participate in work planning, and investigate outbreaks. It also developed a team of experts from two very different FDA offices, whose tasks span beyond domestic control to include foreign inspections [118] . Similarly, in Australia and New Zealand the Fresh Produce Safety Centre (FPSC), an industry-led organization, was established in 2013 to enhance fresh produce food safety, with a new edition of the Guidelines for Fresh Produce Food Safety released in 2015 [119] . These guidelines are designed to assist growers, packers, transporters, wholesalers, retailers, and others involved in the fresh produce supply chain to identify and assess potential food safety hazards, and to help prevent, reduce, or eliminate such hazards, through appropriate practices. However, these efforts are focused on specific aspects of the national produce industry.
From the limited data available, it is apparent that most MENA countries are not yet able to leverage the safety and quality of the agri-food sector to access the international produce market by understanding and implementing globally-acceptable standards. The independent producers are unable to comply with the necessary private standards to meet stricter safety and legal requirements along the entire food continuum, because of limits in resources, support, and regulatory enforcement by governments. This is compounded by the fact that much of the MENA region is in conflict or in tension with neighbors. For instance, Lebanon's exporters of fruits and vegetables today are increasingly constrained, and encounter huge losses in view of the regional conflicts and political stress in the neighboring countries, e.g., Israel and Syria. Thus, diverting exports to alternative market channels, such as the EU or the US is important, but constitutes a major challenge because of a higher level of standards for safe products that consumers in these countries demand. To mitigate their impact on national exports, national governments of the MENA countries, particularly countries relying on food exports rather than oil in their economy, should develop sustainable solutions. This requires national governments to draw proactive food safety strategies and health policies that are based on advanced and rigorous scientific studies, to establish national GAP standards and SPS measures consistent with the international standards, guidelines, and recommendations.
The robust interplay and linkages between the governments, the private sector, and research institutions in developed countries may not be realizable today in many MENA countries, at least not in the short term. One proposed approach to overcome this gap is collaborating with neighboring and regional countries to share national experiences, to establish technical assistance network, and to cooperate in a standard setting, establishing national GAP standards and scientific research.
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